The electron cloud induced by the LHC beam in the SPS occurs mainly in the dipoles and it is responsible for strong transverse instabilities. In the horizontal plane a coupled bunch mode instability develops in a few tens of tuns at injection. Tune shift measurements, mode number and phase space analyses have been performed at different energies and provide information about .the electron cloud distribution and its dynamics. In the vertical plane a single bunch bead-tail like instability occurs. The equivalent 'electron-cloud wake field' is inferred from the analysis of the head-tail motion of the bunches of the LHC beam train.
INTRODUCTION

TRANSVERSE INSTABILITIES
The transverse instabilities developing for Nb&Nlb start from the tail and progress to the head of the hatch. For a single batch with nominal bunch population all the bunches except the first 10-15 are affected. The lower the bunch population is, the smaller will be the number of bunches affected by the instability. When more batches are injected with nominal batch spacing the instability affects a larger and larger number of bunches as we move from the first to the last (fourth) batch. These observations are compatible with the measured build-up and decay of the electron cloud density along and between successive bunch trains [3] .
The properties of the instability are significantly different in the horizontal and vertical plane. In the horizontal plane it manifests itself as a coupled-bunch instability while in the vertical plane a single bunch headtail like instability occurs [7] . 
Horizontal plane
Vertical plane
In the vertical plane the electron cloud instability is a single bunch instability: a measurement of the position of the bunches of the batch over several turns does not show any phase correlation among subsequent bunches. The instability mainly affects the tail of the hatch and the rise time is decreasing with increasing Nhch (the maximum amplitude of oscillation is achieved in -600 turns for Nbch=3~10'0 p and in 300 turns for 5x10" p). The difference with respect to the horizontal plane is due to the fact that in the vertical plane the motion of the electrons under the influence of the electric field of the bunch is not constrained by the presence of the magnetic field as for the horizontal plane. For that reason any motion of the head of the bunch will couple to the tail similarly to what a short-range wake field does.
Electrons are pinched during the bunch passage and the density of the cloud in the region traversed by the bunch is significantly enhanced. The density evolution of the electron cloud with time depends strongly on the bunch population and this explains the dependence of the growth rate of the instability on the bunch population.
Because of the strong electron cloud density modulation during the bunch passage the effect is very different from that of conventional wake fields, the electron cloud wake depends strongly on the position along the bunch from where it is excited and cannot be expressed simply in the form W(z,-zw), where z, and z, are the longitudinal positions of the source and witness particles, respectively [91[101. Within this approximation an effective wake field associated with the electron cloud can be inferred by comparing the head-tail phase difference evolution with time for a hunch with and without electron cloud. The measurement can he reproduced if a wake field with interaction length 0.3 to 0.5 times the bunch length is introduced to model the electron cloud head-tail coupling.
Simulations taking into account the interaction of electron cloud with the beam' [9] and simple head-tail models based on the effective electron cloud wake seem to indicate that the electron cloud enhances the effects of the machine impedance and that the combination of the electron cloud and impedance wake is responsible for the fast growth rate of the vertical instability.
Simulations confirm also the beneficial effect of high positive chromaticity to fight the vertical instability as observed experimentally [91.
SUMMARY
In the SPS the different behaviour of the electron cloud instability of the LHC beam in the horizontal and vertical planes is a consequence of the confinement of multipacting in the dipoles. In the horizontal plane low order coupled hunch instabilities are observed and can be cured by the transverse feedback. In the vertical plane a single bunch head-tail instability develops as a result of the interplay of the electron cloud and of the machine impedance, coupling the motion of the head and the tail of the bunch. The only cure found so far is running at high positive vertical chromaticity (c= (AQIQY(ApIp) > 0.1).
